surface. The correct exposure times for the emulsions were determined from the counting rates of the counter when the magnetic spectrometer was at zero field.
Energy Measurements
The energy, and hence velocity, of the beam was determined from range measurements in l x 3-in. glass-backed 50-~ Ilford C.2 emulsions. As were .
•.
the film strips, these emuls.i.ons were· placed on the perimeter of the magnetic spectrometer, but i.nclined so that the beam entered the emulsion surfaces at a dip angle of 10°. The ranges of the particle tracks were measured with a calibrated eyepiece reticle .. The heavy-ion range-energy relations from
Heckman et al; 16 were used to evaluate beam energies. Corrections for emulsion density and finite grain size (i.e., end corrections) were applied to the measured ranges. For each calibration run, the mean range of about 20 tra.cks gave a measurement of the.ion 1 s velocity, t3 , to a statistical accuracy better than 0.2%.
Assurance of Charge~State E~uilibrium in Zapon Foil
Charge-state distri. The problem of oil (from the vacuum system) and other foreign matter settling on the e~lliilibrium foil and altering the charge distribution is discussed i.n reference l, We have measured the charge distribution from
Zapon foils under a variety of changing conditions -·-e.g., varying the time a foil remained vacuum, reversing and stacking foils, varying the age of foils --and have found no significant changes.
Wt? also: examined the effect upon the charge distribution of the residual gas atoms in the vacuum system (owing to outgassing of emulsions, particularly).
If an ion changed charge while traversing'themagnetic field en route between -4- Weighing errors were on the order of ± 1 J.lg/cm , an error small in comparison with possible errors that may be introduced through nonuniformity of the foil, dust, and the assumption that 100% of the foil was removed from the mounting ring for weighing. The relative importance of these sources of error was not determined, but the comparison of the data from different foils indicates that the uncertainty in the areal density of the foils is about ± 10%.
Scanning
The total number of ions in each charge group was determined by visually counting the number of tracks in sample areas of the group. The emulsion techni~ue afforded the advantage that the entire beam divided into charge groups could be detected simultaneously. There was no problem of monitoring '
...
the beam, other than estimating the correct exposure, arid each ion was detected with lOO% efficiency independent of charge, focusing properties of the magnet, etc, Also, an extreme degree of sensitivity could be achieved by exposing several emulsion strips to increasing beam intensities and normalizing the charge dJ.stributions observed in each through a common charge state. In this manner it was possible to measure charge states that comprise less than 10-5 of the total beam. 
Discussion
The theoretical problem of treating the penetration of heavy ions through matter is formidable, and only partial success has been achieved.
The discovery of fission gave impetus to theoretical investigations pertaining to ionization processes of the highly charged fission fragments in matter. Our analysis takes as a basis the phenomenological theory proposed by Dmitriev. 26 A leading assumption in Dmitriev's theory is that the probability for the capture (or loss) of a given electron depends upon the ion's velocity ~ and is independent of the capture or loss of the other electrons by the ion.
With this assumption it is possible to express the equilibrium charge fractions ~i' at velocity ~' for anN-electron system in terms of a set of N independent functions, M ( ~). The quantity M ( ~) is equivalent to an n n occupation probability, i.e., the probability for finding the nth electron in the ion, while P = l -M is the probability that the nth electron is n n absent from the ion. The equilibrium charge distribution ~· is obtained by For a one-electron system --i.e., a hydrogen ion at a velocity greater than the velocity at which negative-ion formation is important --the charge distribution is simply (l)
The expressions for ~i for a three-electron system are
Specifically, ~' M 2 , and M 3 refer respectively to the occupation probabilities for the first, second, and third electron in the ion; ~ is the z observed fraction of totally stripped ions; rn is the fraction of ions 't'z-l that carry one electron; .etc. Because most of our measurements are limited to the four highest charge states of the various. ions, i.e., a three-electron system, the expressions for cpi given in Eg_. (2) are the ones we actually 11sed
to analyze the data. l'he probabilities Mn th;9-t. correspond to a given set of observed cpi (13) are obtained by solvi~g Eq. (2) In order to test Dmitriev's prroposal, we have adopted the following point of view: Can the quanti ties cpi at given. velocity be calculated from a set of independent occupation probabilities Mn? As we shall show, the values of Mn deduced from the data can be well appro~imated by empirical functions of 13 from whichthe equilibrium charge distributions can be calculated. from which the values of a, k, and m can be estimated. Table II and the parameters given in Table II for hydrogen ions in aluminum and beryllium foils is also included in the figure. The hydrogen data demonstrate::a marked similarity to the heavy-ion data ob:t:ained from this experiment.~ This indicates that for the K electrons, at least, the capture-and~loss mechanism is not strongly dependent upon the atomic number of the ion. The data are insufficient to make such a .speculation for the L electrons, but it is clear that the capture-apd-loss processes are not alike for the K and L electrons.
Ratios of Loss to Capture Cross Sections
At eg_uilibrium the ratio of adjacent charge-state fractions, cp./cp. 1 , ~ ~ cross is eg_ual to the ratio of the loss to cap<ture~ections for the i th electron: If the ratio of V to the velocity of the ions f3c is the same for all e ions, ~/z will also be a universal function of f3/zE. Assuming· E = 2/3, Papineau used experimental data for nitrogen, oxygen, and neon ions to empirically determine this function. 2 7 A universal function of this type is very useful for estimating the average charge of ions for which measurements are not available. The data .from this experiment give the best universal curve when E is in the region 0.55 to 0.58. A plot of the experimental values of . 1-(~/z) vs f3/zE is given in Fig. 12 Table III and is plotted in Fig. 13 . The errors indicated in Fig. 13 are estimates of the uncertainties in determining the thickness of the foils.
If it is assumed that only one electron is captured or lost in each collision between the ions and the atoms of the foiil.j the t:ross-:~st=cti6ns for capture and loss are given by a set of simultaneous differential e~uations of the type dcp .
Here cp. is the fraction of the ions in the beam with charge i, x is the l thickness of the foil that the beam has penetrated, and a. k is the cross
section for a collision in.whichan ion with charge j changes to an ion with charge ~. Assuming various values of the cross sections, we integrated the differential e~uations numerically and compared the resulting curves of cpi vs x with the experimental points. The set of cross sections that gave the best fit to the experimental data is given in Table IV . The estimated errors UCRL-10265 reflect principally the scatter of the data points. The solid lines in Fig. 13 were calculated from these cross sections.
The ratios of the various loss cross sections and of the various capture cross sections in Table IV can be explained with simple statis.tical arguments if the following assumptions are made.
(a) The cross sections for electrons in both K states are about the same.
(b) The cross sections for electrons in all L states are nearly e~ual.
(c) As in Dmitriev!s theory, the cross sections for an electron in a given state are independent of the occupation of other states by electrons.
(d) The time between charge-changing collisions is much less than the time re~uired for radiative transitions between Land K states.
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